Ionic network at the C-terminus of the beta-glycosidase from the hyperthermophilic archaeon Sulfolobus solfataricus: Functional role in the quaternary structure thermal stabilization.
Biochemical, crystallographic, and computational data support the hypothesis that electrostatic interactions are among the dominant forces in stabilizing hyperthermophilic proteins. The thermostable beta-glycosidase from the hyperthermophile Sulfolobus solfataricus (Ssbeta-gly) is an interesting model system for the study of protein adaptation to high temperatures. The largest ion-pair network of Ssbeta-gly is located at the tetrameric interface of the molecule; in this paper, key residues in this region were modified by site-directed mutagenesis and the stability of the mutants was analyzed by kinetics of thermal denaturation. All mutations produced faster enzyme inactivation, suggesting that the C-terminal ionic network prevents the dissociation into monomers, which is the limiting step in the mechanism of Ssbeta-gly inactivation. Moreover, the calculated reaction order showed that the mechanism of inactivation depends on the mutation introduced, suggesting that intermediates maintaining enzymatic activity are produced during the inactivation transition of some, but not all, mutants. Molecular models of each mutant allow us to rationalize the experimental evidence and give support to the current theories on the mechanism of ion pair stabilization in proteins from hyperthermophiles.